MARSHALL S. KRIESEL 

INFUSION APPARATUS WITH CONSTANT 
FORCE SPRING ENERGY SOURCE 

SPECIFICATION 

Background of the Invention 

Field of the Invention 

The present invention relates generally to medicament infusion devices. 
More particularly, the invention concerns an improved apparatus for infusing me- 
dicinal agents into an ambulatory patient at specific rates over extended periods of 
time, which apparatus includes a novel constant force spring energy source, and a 
novel flow rate control means for precisely controlling the rate of fluid flow from 
the reservoir of the device. 

Discussion of the Prior Art 

A number of different types of medicament dispensers for dispensing me- 
dicaments to ambulatory patients have been suggested. Many of the devices seek 
either to improve or to replace the traditional gravity flow and hypodermic syringe 
methods, which have been the standard for delivery of liquid medicaments for 
many years. 

The prior art gravity flow methods typically involve the use of intravenous 
administration sets and the familiar flexible solution bag suspended above the pa- 
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tient. Such gravametric methods are cumbersome, imprecise and require bed con- 
finement of the patient. Periodic monitoring of the apparatus by the nurse or doctor 
is required to detect malfunctions of the infusion apparatus. 

Many medicinal agents require an intravenous route for administration thus 
bypassing the digestive system and precluding degradation by the catalytic en- 
zymes in the digestive tract and the liver. The use of more potent medications at 
elevated concentrations has also increased the need for accuracy in controlling the 
delivery of such drugs. The delivery device, while not an active pharmacologic 
agent, may enhance the activity of the drug by mediating its therapeutic effective- 
ness. Certain classes of new pharmacologic agents possess a very narrow range of 
therapeutic effectiveness, for instance, too small a dose results in no effect, while 
too great a dose can result in a toxic reaction. 

For those patients that require frequent injections of the same or different 
amounts of medicament, the use of the hypodermic syringe method of delivery is 
common. However for each injection, it is necessary to first draw the injection 
dose into the syringe, then check the dose and, after making certain that all air has 
been expelled from the syringe, finally, inject the dose either under bolus or slow 
push protocol. This cumbersome and tedious procedure creates an unacceptable 
probability of debilitating complications, particularly for the elderly and the infirm. 
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As will be appreciated from the discussion, which follows, the apparatus of 
the present invention is uniquely suited to provide precise fluid delivery manage- 
ment at a low cost in those cases where a variety of precise dosage schemes with 
infusion over time are of utmost importance. An important aspect of the apparatus 
of the present invention is the provision of novel fill means for filling the reservoir 
of the device using a conventional medicament vials or cartridge containers of 
various types having a pierceable septum. Another unique feature of the apparatus 
of the present invention is the provision of various fluid flow rate control means, 
including an embedded microfluidic capillary flow rate control means which en- 
ables precise control of the rate of fluid flow of the medicament to the patient. 
More particularly, the apparatus of the present invention includes a unique, adjust- 
able fluid flow rate mechanism, which enables the fluid contained within the reser- 
voir of the device to be precisely dispensed at various selected rates over extended 
periods of time. 

The apparatus of the present invention can be used with minimal profes- 
sional assistance in an alternate health care environment, such as the home. By way 
of example, devices of the invention can be comfortably and conveniently remova- 
bly affixed to the patient's body or clothing and can be used for the continuous in- 
fusion of injectable anti-infectives, hormones, steroids, blood clotting agents, anal- 
gesics, and like medicinal agents. Similarly, the devices of the invention can be 
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used for most IV chemotherapy and can accurately deliver fluids to the patient in 
precisely the correct quantities and at extended micro fusion rates over time. 

By way of summary, the apparatus of the present invention uniquely over- 
comes the drawbacks of the prior art by providing a novel, disposable dispenser of 
simple but highly reliable construction. A particularly important aspect of the ap- 
paratus of the present invention resides in the provision of a novel, self-contained 
energy source in the form of a substantially constant-force spring that provides the 
force necessary to uniformly and precisely dispense, from the device reservoir, that 
is filled with various solutions from standard prefilled vial containers that can be 
conveniently loaded into the apparatus. Because of the simplicity of construction 
of the apparatus of the invention, and the straightforward nature of the energy 
source, the apparatus can be manufactured at low cost without in any way sacrific- 
ing accuracy and reliability. 

With regard to the prior art, one of the most versatile and unique fluid deliv- 
ery apparatus developed in recent years is that developed by the present inventor 
and described in U.S. Pat. No. 5,205,820. The components of this novel fluid de- 
livery apparatus generally include: a base assembly, an elastomeric membrane 
serving as a stored energy means, fluid flow channels for filling and delivery, flow 
control means, a cover, and an ullage which comprises a part of the base assembly. 
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Another prior art patent issued to the present applicant, namely United States 
Patent 5,743,879, discloses an injectable medicament dispenser for use in control- 
lably dispensing fluid medicaments such as insulin, anti-infectives, analgesics, on- 
colytics, cardiac drugs biopharmaceuticals, and the like from a prefilled con- 
tainer at a uniform rate. The dispenser, which is quite dissimilar in construction 
and operation from that of the present invention, includes a stored energy source in 
the form of a compressively deformable, polymeric elastomeric member that pro- 
vides the force necessary to controllably discharge the medicament from a prefilled 
container, which is housed within the body of the device. After having been de- 
formed, the polymeric, elastomeric member will return to its starting configuration 
in a highly predictable manner. 

Another important prior art fluid delivery device is described in the United 
States patent No. 6,063,059 also issued to the present inventor. This device, while 
being of a completely different construction embodies a compressible-expandable 
stored energy source somewhat similar to that used in the apparatus of the present 
invention. 

Still another prior art fluid delivery device, in which the present inventor is 
also named as an inventor, is described in United States patent No. 6,086,561. This 
latter patent incorporates a fill system that makes use of conventional vials and car- 
tridge medicament containers. 
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Summary of the Invention 

It is an object of the present invention to provide a compact fluid dispenser 
for use in controllably dispensing fluid medicaments, such as, antibiotics, onco- 
lytics, hormones, steroids, blood clotting agents, analgesics, bio pharmaceuticals 
and like medicinal agents from a reservoir that has been filled from prefilled con- 
tainers. 

Another object of the invention is to provide a small, compact fluid dis- 
penser that includes a housing to which fill vials can be connected for filling the 
dispenser reservoir with the fluid. 

Another object of the invention is to provide a dispenser of in which a stored 
energy source is provided in the form of a substantially constant-force spring that 
provides the force necessary to continuously and uniformly expel fluid from the 
device reservoir. 

Another object of the invention is to provide a dispenser of the class de- 
scribed which includes a fluid flow control assembly that precisely controls the 
flow of the medicament solution to the patient. 

Another object of the invention is to provide a dispenser that includes pre- 
cise variable flow rate selection. 
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Another object of the invention is to provide a dispenser that includes a dis- 
abling mechanism for disabling the device and rendering it inert following use. 

Another object of the invention is to provide a fluid dispenser which is 
adapted to be used at point of care being there filled with conventional prefilled 
drug containers to deliver beneficial agents therefrom in a precise and sterile man- 
ner. 

Another object of the invention is to provide a fluid dispenser of the class 
described which is compact, lightweight, is easy for ambulatory patients to use, is 
fully disposable, and is extremely accurate so as to enable the infusion of precise 
doses of medicament over prescribed periods of time. 

Another object of the invention is to provide a device of the character de- 
scribed which embodies a novel fluid volume indicator that provides a readily dis- 
cernible visual indication of the volume of fluid remaining in the device reservoir 

Another object of the invention is to provide a self-contained medicament 
dispenser which is of very simple construction and yet extremely reliable in use. 

Another object of the invention is to provide a fluid dispenser as described in 
the preceding paragraphs which is easy and inexpensive to manufacture in large 
quantities. 
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Brief Description of the Drawings 

Figure 1 is a generally perspective view of one embodiment of the medica- 
ment infusion apparatus of the present invention for dispensing fluids at a uniform 
rate. 

Figure 2 is a top plan view of the embodiment of the medicament infusion 
apparatus shown in figure 1 . 

Figure 3 is a bottom plan view of the apparatus shown in figure 1 . 

Figure 4 is a cross-sectional view taken along lines 4-4 of figure 3. 

Figure 4A is a greatly enlarged, fragmentary cross-sectional view of a por- 
tion of the bellows component of the apparatus shown in figure 4. 

Figure 4B is an enlarged, cross-sectional view of the area designated as 4B 
in figure 4. 

Figures 4B- 1 is an enlarged, cross-sectional view of the elastomeric band 
shown in figure 4B. 

Figure 4C is an enlarged, cross-sectional view of the area designated as 4C 
in figure 4. 
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Figure 4C- 1 is an enlarged, cross-sectional view of the elastomeric band 
shown in figure 4C. 

Figure 5 is an enlarged, generally perspective view of one form of the con- 
stant force spring of the apparatus shown in figure 4. 

Figure 6 is an enlarged, cross-sectional view of the area designated as "6" in 
figure 5. 

Figure 7 is an enlarged, generally perspective view of an alternate form of 
the constant force spring of the apparatus of the invention. 

Figure 8 is a cross-sectional view similar to figure 4, but showing the fluid 
reservoir filled with fluid. 

Figure 8A is an enlarged, cross-sectional view of the fill vial of the appara- 
tus of the invention shown in figure 4. 

Figure 9 is a left end view of the apparatus shown in figure 1 . 

Figure 10 is a cross-sectional view taken along lines 10-10 of figure 4. 
Figure 1 OA is a cross-sectional view taken along lines 10A-10A of figure 10. 

Figure 1 1 is a right end view of the apparatus shown in figure 1. 

Figure 12 is a cross-sectional view taken along lines 12-12 of figure 4. 
Figure 13 is a cross-sectional view taken along lines 13-13 of figure 4. 
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Figure 14 is a generally perspective, exploded view of the assembly shown 
in figure 4. 

Figure 14A is a view taken along lines 14A-14A of figure 14. 

Figure 1 5 is a generally perspective, front view of one form of the fluid flow 
control assembly of the apparatus of the invention. 

Figure 1 6 is a generally perspective, exploded front view of the fluid flow 
control assembly shown in figure 15. 

Figure 1 7 is a greatly enlarged, fragmentary cross-sectional view of one of 
the flow control channels formed in the flow control member shown in the central 
portion of figure 16. 

Figure 1 8 is a generally perspective, rear view of the fluid flow control as- 
sembly of the apparatus of the invention. 

Figure 1 9 is a generally perspective, exploded rear view of the fluid flow 
control assembly shown in figure 18. 

Figure 20 is a generally perspective view of an alternate form of the flow 
control member of the invention. 

Figure 2 1 is a generally perspective view of still another form of the flow 
control member of the invention. 
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Figure 22 is a front view of the assembly shown in figure 15. 
Figure 23 is a cross-sectional view taken along lines 23-23 of figure 22. 
Figure 24 is a cross-sectional view taken along lines 24-24 of figure 23 . 
Figure 25 is a cross-sectional view taken along lines 25-25 of figure 23. 

Figure 26 is a view taken along lines 26-26 of figure 23. 

Figure 27 is a generally perspective view of an alternate embodiment of the 
medicament infusion apparatus of the present invention for dispensing fluids at a 
uniform rate. 

Figure 28 is a top plan view of the embodiment of the medicament infusion 
apparatus shown in figure 27. 

Figure 29 is a bottom plan view of the apparatus shown in figure 27. 

Figure 30 is a cross-sectional view taken along lines 30-30 of figure 29. 

Figure 30 A is an enlarged, cross-sectional view of the area designated as 
30A in figure 30. 

Figure 30B is an enlarged, cross-sectional view of the elastomeric seal 
shown in figure 30. 

Figure 31 is a cross-sectional view similar to figure 30, but showing the fluid 
reservoir filled with fluid. 
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Figure 32 is a left end view of the apparatus shown in figure 27. 
Figure 33 is a cross-sectional view taken along lines 33-33 of figure 30. 

Figure 34 is a right end view of the apparatus shown in figure 27. 

Figure 35 is a cross-sectional view taken along lines 35-35 of figure 30. 
Figure 36 is a cross-sectional view taken along lines 36-36 of figure 30. 
Figure 37 is a generally perspective, exploded view of the assembly shown 
in figure 30. 

Figure 37A is a view taken along lines 37A-37A of figure 37. 

Figure 38 is a generally perspective view of yet another embodiment of the 
medicament infusion apparatus of the present invention for dispensing fluids at a 
uniform rate. 

Figure 39 is a top plan view of the embodiment of the medicament infusion 
apparatus shown in figure 38. 

Figure 40 is a bottom plan view of the apparatus shown in figure 38. 

Figure 41 is a cross-sectional view taken along lines 41-41 of figure 40. 

Figure 41 A is an enlarged, cross-sectional view of the fill vial cartridge of 
the apparatus of the invention shown in figure 41 



Figure 4 IB is an enlarged, cross-sectional view of the area designated as 
41B in figure 41. 

Figure 41 C is an enlarged, cross-sectional view of the area designated as 
41C in figure 41. 

Figure 4 ID is an enlarged, cross-sectional view of the elastomeric sealing 
band shown in figure 41C. 

Figure 42 is a cross-sectional view similar to figure 41, but showing the fluid 
reservoir filled with fluid. 

Figure 43 is a left end view of the apparatus shown in figure 38. 

Figure 44 is a cross-sectional view taken along lines 44-44 of figure 41. 

Figure 45 is a right end view of the apparatus shown in figure 38. 

Figure 46 is a cross-sectional view taken along lines 46-46 of figure 41. 
Figure 47 is a cross-sectional view taken along lines 47-47 of figure 41. 
Figure 48 is a generally perspective, exploded view of the assembly shown 
in figure 41. 

Figure 49 is a generally perspective view of still another embodiment of the 
medicament infusion apparatus of the present invention for dispensing fluids at a 
uniform rate. 
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Figure 50 is a top plan view of the embodiment of the medicament infusion 
apparatus shown in figure 49. 

Figure 51 is a bottom plan view of the apparatus shown in figure 49. 

Figure 52 is a cross-sectional view taken along lines 52-52 of figure 51. 

Figure 52A is an enlarged, cross-sectional view of the area designated as 
52A in figure 52 

Figure 52B is an enlarged, cross-sectional view of the area designated as 
52B in figure 52. 

Figure 52C is an enlarged, cross-sectional view of the elastomeric sealing 
band shown in figure 52B. 

Figure 53 is an enlarged cross-sectional view of the lowermost cartridge re- 
constitution vial of the apparatus of the invention shown in figure 52. 

Figure 54 is a cross-sectional view taken along lines 54-54 of figure 53. 

Figure 55 is an enlarged cross-sectional view of an alternate form of the 
lowermost cartridge fill by pass vial of the apparatus of the invention shown in fig- 
ure 52. 

Figure 56 is a cross-sectional view taken along lines 56-56 of figure 55. 
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Figure 57 is a cross-sectional view similar to figure 52, but showing the fluid 
reservoir filled with fluid. 

Figure 58 is a left end view of the apparatus shown in figure 49. 

Figure 59 is a cross-sectional view taken along lines 59-59 of figure 52. 

Figure 60 is a right end view of the apparatus shown in figure 49. 

Figure 61 is a cross-sectional view taken along lines 61-61 of figure 52. 
Figure 62 is a cross-sectional view taken along lines 62-62 of figure 52. 
Figure 63 is a generally perspective, exploded view of the assembly shown 
in figure 52. 

Figure 63 A is a view taken along lines 63A-63A of figure 63. 

Figure 64 is a generally perspective view of still another embodiment of the 
medicament infusion apparatus of the present invention for dispensing fluids at a 
uniform rate. 

Figure 65 is a top plan view of the embodiment of the medicament infusion 
apparatus shown in figure 64. 

Figure 66 is a bottom plan view of the apparatus shown in figure 64. 

Figure 67 is a longitudinal, cross-sectional view of the apparatus shown in 
figure 64. 
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Figure 67A is an enlarged, cross-sectional view of the area designated as 
67A in figure 67. 

Figure 68 is a cross-sectional view taken along lines 68-68 of figure 67. 

Figure 69 is a cross-sectional view similar to figure 67, but showing the fluid 
reservoir filled with fluid. 

Figure 70 is a cross-sectional view taken along lines 70-70 of figure 67. 

Figure 71 is a left end view of the apparatus shown in figure 64. 

Figure 72 is a right end view of the apparatus shown in figure 64. 

Figure 73 is a cross-sectional view taken along lines 73-73 of figure 67. 

Figure 74 is a cross-sectional view taken along lines 74-74 of figure 67. 
Figure 75 is a generally perspective, exploded view of the assembly shown 
in figure 67. 

Figure 75 A is a view taken along lines 75A-75A of figure 75. 
Figure 75B is a view taken along lines 75-75B of figure 75A. 

Figure 76 is a generally perspective, exploded view of the flow rate control 
means of this latest form of the apparatus of the present invention. 

Figure 77 is a generally perspective, front exploded view of the flow rate 
control means shown in figure 76. 



Figure 78 is a front view of the forward most rate control plate of the flow 
control means shown in figure 78. 

Figure 79 is a cross-sectional view taken along lines 79-79 of figure 78. 

Figures 80 and Figure 80A, when considered together comprise an exploded, 
generally perspective view of the rate control plates of the rate control assembly of 
the invention. 

Figure 8 1 , when considered in its entirety, comprises a front view of each of 
the rate control plates of the assembly shown in figures 80 and 80A. 

Figure 82 is a rear projected view of the first, or leftmost component or inlet 
manifold of the rate control assembly shown in figure 80. 

Figure 82A is a rear view of the inlet manifold component. 

Figure 82B is a cross-sectional view taken along lines 82B-82B of figure 

82A. 

Figure 83 is a side-elevational view of the rate control assembly shown in 
figure 77 as it appears in a sealably interconnected configuration. 

Figure 84 is a front view of the assembly shown in figure 83. 

Figure 84A is a cross-sectional view taken along lines 84A-84A of fig. 84. 
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Figure 85 is a rear view of the outlet manifold component of the assembly 
shown in figure 83. 

Figure 85 A is a cross-sectional view taken along lines 85A-85A of figure 85. 

Figure 86 is a generally perspective, partially exploded view similar to fig- 
ure 83. 

Figure 86A is a front view of the outlet manifold portion of the assembly 
shown in figure 86. 

Figure 87 is a rear view of the first from the left, rate control plate of the as- 
sembly shown in figure 80. 

Figure 88 is a front view of the rate control plate shown in figure 87. 

Figure 89 is a cross-sectional view taken along lines 89-89 of figure 88. 

Figure 90 is a rear view of the second from the left, rate control plate shown 
in figure 80 

Figure 91 is a front view of the rate control plate shown in figure 90. 
Figure 92 is a cross-sectional view taken along lines 92-92 of figure 9 1 . 
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Figure 93 is a fragmentary, cross-sectional view of the forward portion of 
the outlet manifold of the flow control means shown sealably mated with the rate 
control knob of the apparatus of the invention. 

Figure 93A is an enlarged, fragmentary cross-sectional view of the upper 
portion of figure 93 . 

Figure 93B is an enlarged fragmentary cross-sectional view of the lower por- 
tion of figure 93 . 

Figure 93 C is an enlarged, cross-sectional view of one of the elastomeric 
sealing bands shown in figure 93 A. 

Figure 93D is an enlarged, cross-sectional view of the other elastomeric 
sealing bands shown in figure 93 A. 

Figure 94 is a cross-sectional view taken along lines 94-94 of figure 93. 

Figure 95 is a cross- sectional view similar to figure 94, but showing the rate 
control knob rotated to second rate control position. 

Figure 96 is a generally perspective view of yet another embodiment of the 
medicament infusion apparatus of the present invention for dispensing fluids at a 
uniform rate. 
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Figure 97 is a top plan view of the embodiment of the medicament infusion 
apparatus shown in figure 96. 

Figure 98 is a bottom plan view of the apparatus shown in figure 97. 
Figure 99 is a longitudinal, cross-sectional view of the apparatus 
shown in figure 96. 

Figure 99A is an enlarged, cross-sectional view of the area designated as 
99A in figure 99. 

Figure 99B is an enlarged, cross-sectional view of the area designated as 
99B in figure 99. 

Figure 100 is a cross-sectional view taken along lines 100-100 of figure 99. 

Figure 100 A is a generally perspective front view of the flow control assem- 
bly of the form of the invention shown in figure 100. 

Figure 100B is a generally perspective rear view of the flow control assem- 
bly. 

Figure 100C is a longitudinal, cross-sectional view of the flow control as- 
sembly. 
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Figure 100D is a generally perspective, exploded view of the flow control 
assembly. 

Figure 101 is a cross-sectional view similar to figure 99, but showing the 
fluid reservoir filled with fluid. 

Figure 102 is a cross-sectional view taken along lines 102-102 of figure 99. 

Figure 103 is a left-end view of the apparatus shown in figure 96. 

Figure 104 is a right-end view of the apparatus shown in figure 96. 

Figure 105 is a cross-sectional view taken along lines 105-105 of figure 99. 

Figure 1 06 is a generally perspective, exploded view of the assembly shown 
in figure 99. 

Figure 106 A is a view taken along lines 106 A of figure 106. 

Figure 107 is a generally perspective view of still another embodiment of the 
medicament infusion apparatus of the present invention for dispensing fluids at a 
uniform rate. 

Figure 107A is a generally perspective, exploded view of the embodiment of 
the apparatus shown in figure 107. 

Figure 1 08 is a longitudinal, cross-sectional view of the apparatus shown in 
figure 107. 

Figure 108 A is an enlarged, cross-sectional view of the area designated as 
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108 A of figure 108. 

Figure 108B is an enlarged, cross-sectional view of the area designated as 
108B in figure 108. 

■ 

Figure 108C is an enlarged, cross-sectional view of the area designated as 
108C in figure 108. 

Figure 109 is a left-end view of the apparatus shown in figure 107. 

Figure 1 10 is a cross-sectional view taken along lines 1 10-1 10 of figure 108. 

Figure 1 1 OA is a view taken along lines 1 10A-1 10A of figure 110. 

Figure 111 is a side elevational view of the vial cover portion of the appara- 
tus shown in figure 108. 

Figure 1 12 is a view taken along lines 1 12-1 12 of figure 111. 

Figure 1 13 is an enlarged, cross-sectional view of the upper fill vial of the 
apparatus of the invention shown in figure 108. 

Figure 1 14 is a view taken along lines 1 14-1 14 of figure 113. 

Figure 1 1 5 is an enlarged cross-sectional view of the lowermost cartridge fill 
vial of the apparatus of the invention shown in figure 108. 

Figure 1 16 is a view taken along lines 1 16-1 16 of figure 115. 

Figure 1 1 7 is an enlarged cross-sectional view of an alternate form of the 
lowermost cartridge fill vial of the apparatus of the invention shown in figure 108. 

Figure 1 18 is a view taken along lines 1 18-1 18 of figure 117. 
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Description of the Invention 

Referring to the drawings and particularly to figures 1 through 14, one em- 
bodiment of the dispensing apparatus of the present invention is there illustrated 
and generally designated by the numeral 52. The apparatus here comprises a snap 
and bond moldable plastic outer housing 54 having a first, second and third por- 
tions 54a, 54b and 54c respectively. Disposed within outer housing 54 is a first, 
expandable housing 56 having a fluid reservoir 58 (figures 4 and 8) that is pro- 
vided with an inlet passageway 60 for permitting fluid flow into the fluid reservoir 
and an outlet 64 for permitting fluid flow from the fluid reservoir. Expandable 
housing 56, which can be constructed from a metal or plastic material and can in- 
clude a surface treatment and coating of the character presently to be described, 
comprises a bellows structure having an expandable and compressible, accordion- 
like, annular-shaped sidewall 56a, the configuration of which is best seen in figures 
4 and 8. 

Disposed within second portion 54b of outer housing 54 is the novel stored 
energy means of the invention for acting upon inner expandable housing 56 in a 
manner to cause the fluid contained within fluid reservoir 58 to controllably flow 
outwardly of the housing. In the present form of the invention, this important 
stored energy means comprises a constant force extension spring member 67 that is 
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carried within cavities or wells 54a formed in the second portion 54b of the outer 
housing (see figure 14). 

Spring member 67 is first extended in the manner shown in figure 8 by fluid 
flowing into reservoir 58 and then controllably retracts in the manner shown in fig- 
ure 4 to cause fluid flow from the outer housing through the dispensing means of 
the invention. Stored energy member or constant-force, double-spool, single-layer 
spring 67, which is a special variety of extension spring, is readily commercially 
available from several sources, including Barnes Group Inc. of Bristol, Connecti- 
cut; Stock Drive Products/Sterling Instrument of Hyde Park, New York, and 
Walker Corporation of Ontario, California. Constant force extension spring 67 is 
basically a high stress, long deflection device that offers great advantages when 
used in applications, such as the present application, where very low or zero gradi- 
ent is desired, where space is a factor and where very high reliability, accuracy, 
and forced tolerance is required. Constant force springs, such as spring 67, pro- 
vides markedly superior constant force loading when compared to conventional 
helical extension or like conventional types of springs. A constant force spring is 
typically a roll of prestressed, strip of metal that exerts a nearly constant restraining 
force to resist uncoiling. The force is constant because the change in the radius of 
the curvature is constant. Spring 67 can be of a laminate construction, such a 
shown in figures 5 and 6, and identified as 67a wherein the laminate construction 
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acts on a pusher member 69 of the character shown in figure 4. Alternatively 
spring 67 can comprise a pair of cooperatively associated, individual extension 

springs 67a and 67b of the character shown in figure 7 which have free end por- 
tions 67c that are receivable within spring receiving slots 7 1 formed in a specially 
constructed pusher member 73. Springs 67, 67a and 67b can be constructed from a 
wide variety of materials including stainless steel and are held in position by op- 
posing positioning means or cross members 67d which are of the construction 
shown in figures 10 andlOA. 

After the springs are extended in the manner shown by the phantom lines in 
figure 4 and by the solid lines in figure 8, the springs will inherently tend to uni- 
formly return toward their starting configuration and in so doing will exert a sub- 
stantially constant force (force over extension or extension overtime) on the pusher 
member 69 which is operably coupled with the expandable housing 56 in the man- 
ner shown in figures 4 and 8. As the springs return to their starting configuration, 
the fluid contained within the fluid reservoir 58 will be caused to flow outwardly 
through outlet 64 at a substantially constant rate. 

Forming an important aspect of the apparatus of the present invention is fill 
means carried by the third portion 54c of outer housing 54 for filling the reservoir 
58 with the fluid to be dispensed. As best seen in figure 4, third portion 54c of the 
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outer housing includes a fluid passageway 78 that is in communication with inlet 
60 of fluid reservoir 58. Proximate its lower end 78a, fluid passageway 78 commu- 
nicates with a cavity 80 formed within the third portion 54c of the housing. Dis- 
posed within cavity 80 is a pierceable septum 84 that comprises a part of one form 
of the fill means of this latest form of the invention. Septum 84, which is of con- 
ventional construction, is held in position by a retainer 84a and is pierceable by the 
needle of the syringe which contains the medicinal fluid to be dispensed and which 
can be used in a conventional manner to fill or partially fill reservoir 58 via pas- 
sageway 78. Septum 84 can also be used to accomplish residual drug recovery 
from reservoir 58. 

Third portion 54c of housing 54 also includes a chamber 85 for telescopi- 
cally receiving a medicament containing shell fill vial 88. An elongated support 90, 
which is disposed within chamber 85, includes a threaded end portion 92 and car- 
ries a longitudinally extending, elongated hollow needle 94 having a flow pas- 
sageway that communicates with fluid passageway 78 via a stub passageway 97. 
Chamber 85, elongated support 90 and hollow needle 94 together comprise an al- 
ternate form of fill means of the apparatus of the invention. The method of opera- 
tion of this alternate form of fill means will presently be described. 

Referring particularly to figure 8 A, the medicament containing fill vial 88 
includes a body portion 88a, having a fluid chamber 100 for containing the in- 
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jectable fluid medicament "F". Chamber 100 is provided with a first open end 
100a and second closed end 100b. First open end 100a is sealably closed by clo- 
sure means here provided in the form of an externally threaded elastomeric plunger 
102, which is telescopically movable within the vial from a first location, where 
the plunger is disposed proximate first open end 1 00a to a second, device-fill loca- 
tion where the plunger is disposed proximate second closed end 100b. 

After removal of the vial chamber cover 103, which forms a part of the third 
portion 54c of the snap and bond together housing 52 (figures 4 and 14), vial 88 
can be inserted into chamber 85. As the fill vial is so introduced and the plunger 
102 is threadably interconnected with end 92 of support 90 (figure 4), the sharp 
end of the elongated needle 94 will pierce the central wall 102a of the elastomeric 
plunger. Continuous pushing movement of the vial into chamber 85 will cause the 
structural support 90 to move the elastomeric plunger inwardly of the vial chamber 
100 in a direction toward the second, or closed end 100b of the vial chamber. As 
the plunger is moved inwardly of the vial, the fluid "F" contained within the vial 
chamber will be expelled there from into the hollow elongated needle 94. As best 
seen in figure 4, the fluid will then flow past a conventional elastomeric umbrella 
type check valve 106, which is mounted within a cavity 107 formed in lower por- 
tion 54c of the outer housing. Next, the fluid will flow into stub passageway 97 
and thence into passageway 78. Umbrella type check valve 106 functions in a con- 
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ventional manner to control fluid flow from the elongated hollow needle 94 toward 
fluid passageway 78. From passageway 78, the fluid will flow into inlet passage- 
way 60 and then into reservoir 58 of the bellows component 56. 

As the fluid flows from either of the fill means of the invention into the bel- 
lows reservoir 58, the bellows will expand from the collapsed configuration shown 
in figure 4 into the expanded configuration shown in figure 8. As best seen in fig- 
ure 4A, the inner wall of the bellows is provided with one or more protective coat- 
ings "C" that is compatible with the fluids contained within reservoir 58. This 
coating can be accomplished by several different processes. One process that is 
extremely clean, fast and effective is plasma processing. In particular this tech- 
nique allows for any of the following: plasma activation, plasma induced grafting 
and plasma polymerization of molecular entities on the surface of the bellows. For 
cases where an inert hydrophobic interface is desired, plasma using fluorine- 
containing molecules may be employed. In this regard, the bellows surface may be 
cleaned with an inert gas plasma, and subsequently, a fluorine containing plasma 
may be used to graft these molecules to the surface. Alternatively, if a hydrophilic 
surface is desired (e.g. for drug solutions that are highly corrosive or in oil based 
solvents) an initial plasma cleaning may be done, followed by a plasma polymeri- 
zation using hydrophilic monomers. 
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As the bellows member expands it will urge a telescopically movable vol- 
ume indicator member 1 10, which is carried within a second portion 54b of the 
housing and which is interconnected with pusher member 69, rearwardly of the ap- 
paratus housing in the manner shown in figure 8. Pusher member 69 is stabilized 
by controller struts 69a which are located on the housing of body half shells 54c. 
The forces thus exerted on the spring member 67 by the rearwardly moving pusher 
member 69 will cause the spring member 67 to expand from its retracted configu- 
ration shown in figure 4 into the expanded configuration shown in figure 8. As the 
reservoir 58 fills with fluid, any gases trapped within the reservoir will be vented to 
atmosphere via vent means "V" mounted in portion 54a of the housing. This vent 
means here comprises a gas vent 1 13 (figure 8) that can be constructed of a suit- 
able hydrophobic porous material such as a porous plastic. 

Upon opening the fluid delivery path to the fluid delivery means of the in- 
vention, shown here as a conventional administration set 1 14 (figure 1), the stored 
energy means, or spring 67, will tend to return to its starting configuration thereby 
controllably urging fluid flow outwardly of reservoir 58 via the flow control means 
of the invention the character of which will presently be described. 

Administration set 114 is sealably connected to the first portion 54a of hous- 
ing 54 by a connector 1 14a in the manner shown in figure 1 of the drawings. As 
illustrated in figures 1 and 4, the proximal end 1 16a of administration line 1 16 of 
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the administration set is in communication with an outlet fluid passageway 118 
which is formed in portion 54a of the outer housing. Disposed between the proxi- 
mal end 1 16a and the distal end 1 16b of the administration line are a conventional 
clamp 1 17, a conventional gas vent and a conventional filter 113. Provided at the 
distal end 1 16b of the administration line is a luer connector 122 and luer cap 122a 
of conventional construction (figure 1). 

A number of beneficial agents can be contained within shell vial 88 and can 
be controllably dispensed from the fluid dispenser to the patient including, by way 
of example, medicaments of various types, drugs, pharmaceuticals, hormones, an- 
tibodies, biologically active materials, elements, chemical compounds, or any other 
suitable material useful in diagnostic cure, medication, treatment or preventing of 
diseases or the maintenance of the good health of the patient. 

As the fluid contained within the bellows reservoir 58 is urged outwardly 
thereof by the stored energy means, the fluid will flow under pressure through a 
filter means, shown here as a filter 124 that is carried in a cavity provided in a gen- 
erally cylindrically shaped flow rate control member 126 (figure 19). Flow rate 
control member 126 forms a part of the flow control means, or flow control assem- 
bly 129 of the invention. As will be better understood from the discussion which 
follows, this important flow control means functions to precisely control the rate of 
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fluid flow outwardly from reservoir 58 and toward the patient via the administra- 
tion set. 

Peripherally bonded filter 124, which functions to filter particulate matter 
from the fluid flowing outwardly from reservoir 58 is of a character well known to 
those skilled in the art and can be constructed from various readily available mate- 
rials such as polysolfone and polypropylene wafers having a desired porosity. Af- 
ter flowing through filter 124, the fluid will flow, via a stub passageway 125 (fig- 
ure 4) into the fluid flow distribution means of flow rate control member 126, 
which functions, in a manner presently to be described, to distribute the fluid into 
the flow control channels strategically formed in member 126. 

Referring particularly to figures 1 5 through 26, it can be seen that flow con- 
trol assembly 129 comprises an outer casing 130 having a plurality of circumferen- 
tially spaced apart fluid outlets 132, a flow rate control member 126, which is tele- 
scopically receivable within casing 130 and a selector knob 134 that is intercon- 
nected with rate control member 126 in the manner best seen in figures 15, 16, 18, 
19 and 23. A compressibly deformable elastomeric band 131 sealably intercon- 
nects casing 130 with the housing portion 54a in the manner shown in figures 4B 
and 4C. As illustrated in the drawings, flow rate control member 126 is uniquely 
provided with a plurality of elongated flow control channels 128, each having an 
inlet 128b and an outlet 128a. The flow channels 128 may be of different sizes, 
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lengths, depths, widths and configurations as shown by figures 20 and 21, which 
depict alternate forms of the flow control member. These alternate forms of flow 
control members with alternate microchannel configurations, which are identified 
in the drawings as 126a and 126b, have uniquely configured flow control channels 
128c. As used herein, the term "micro channel" is interchangeable with the term 
"minichannel". As illustrated in figure 17, the flow control channels may be rec- 
tangular in cross-section. Alternatively, the flow control channels can be semicir- 
cular in cross-section, U-shaped in cross-section, or they may have any other cross- 
sectional configuration that may be appropriate to achieve the desired fluid flow 
characteristics. As previously discussed, where appropriate, channels 128 can be 
coated with one or more special coating "C" with appropriate surface modification 
in the manner shown in figure 17. 

When the flow control member is properly positioned and appropriately reg- 
istered within outer casing 130, the inner surface of the outer casing wall sealably 
cooperates with the flow control member channels 128 to form a plurality of gen- 
erally spiral shaped fluid flow passageways of different overall lengths and flow 
capacities. When the flow control member is positioned within the outer casing, a 
notch 138 formed in member 126 receives a tongue 140 provided on casing 130 so 
precisely align the outlets 128a of the flow channels 128 with fluid outlets 132 
formed in casing 130. 
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Selector knob 134, which comprises a part of the selector means of the in- 
vention, is rotatably connected to portion 54a of the outer housing and, in a manner 
presently to be described, functions to rotate the assemblage made up of outer cas- 
ing 130 and flow control member 126 (figures 4 and 14). In this way, a selected 
outlet 132 in casing 130 can be selectively aligned with flow passageway 118 pro- 
vided in portion 54a (figure 4). 

As previously discussed herein, as the fluid contained within the bellows 
reservoir 58 is urged outwardly thereof by the stored energy means, the fluid will 
flow under pressure through filter 124, into stub passageway 125 and then into the 
distribution means of the invention which functions to distribute fluid from the 
fluid reservoir to each of the plurality of spiral passageways 128 via passageway 
142. This distribution means here comprises several radially outwardly extending 
flow passageways 142 formed in flow control member 126 (figure 25). The filtered 
fluid will fill passageways 142 and then will flow into the plurality of spiral pas- 
sageways 128 formed in member 126 via outlets 128b, which communicate with 
passageways 142 (see figure 25). The fluid contained within spiral passageways 
128 can flow outwardly of the device only when one of the fluid outlets 132 
formed in casing 130 is aligned with reservoir outlet passageway 118 (figures 8, 18 
and 20). 
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Selection of the passageway from which the fluid is to be dispensed is ac- 
complished by rotation of the selector knob 1 34 which, as best seen in figure 1 9 
includes a reduced diameter portion 134a having a slot 134b formed therein. As 
illustrated in figures 16 and 19, slot 134b is adapted to receive a spline 146 formed 
anteriorly of member 126. With this construction, rotation of selector knob 134 
will impart part rotation to member 126. As seen in figure 19, inwardly extending 
spline segment 140 is received within slot 138 formed in member 126. Accord- 
ingly, rotation of member 126 will also impart concomitant rotation to casing 
member 130. 

As shown in figures 18 and 19, selector knob 134 is provided with a plural- 
ity of circumferentially spaced apart indexing cavities 147 that closely receive an 
indexing finger 150, which forms a part of the indexing means of the invention, 
which means comprises a front bezel 152 that is connected to the apparatus hous- 
ing (see figures 4 and 14). Indexing finger 150 is continuously urged into engage- 
ment with a selected one of the indexing cavities 147 by a coil spring 154 that also 
forms a part of the indexing means of the invention. Coil spring 154 can be com- 
pressed by an inward force exerted on an indexing shaft 156 and button 156a that 
is mounted in locking shaft cover 152 and is movable from an extended position to 
an inward, finger release position wherein spring 154 is compressed and finger 150 
is retracted from a selected indexing cavity 147. With finger 150 in its retracted 
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position, it is apparent that control knob 134 can be freely rotated to a position 
wherein a gripping member 157 can be aligned with selected flow rate indicia 159 
formed on the front bezel 152 of the apparatus housing. The indicia may be sym- 
bols as shown in figure 1 or it may be numbers as shown in figure 11. 

When the selector knob is in the desired position and pressure is released on 
indexing button 156a, spring 154 will urge finger 150 of the indexing means of the 
invention into locking engagement with one of the indexing cavities 147 thereby 
placing a selected one of the spiral shaped flow control channels 128 that corre- 
sponds with the indicia 159 in communication with the fluid reservoir 58 via pas- 
sageways 125 and 124. As the fluid flows outwardly of the apparatus due to the 
urging of the stored energy means or spring member 67, the bellows structure 56 
will be collapsed and at the same time pusher member 69 will travel inwardly of 
the housing. Member 69, which forms a part of the volume indicator means of the 
invention is guided by integral internal wall structure 69a of portion 54c and in- 
cludes a radially outwardly extending indicating finger 110 that is visible through a 
volume indicator window 160 that is provided in a second portion 54b of the appa- 
ratus housing and also comprises a part of the volume indicator means of the in- 
vention (figures 1,2, 10 and 14). Indicia 161, which are provided on indicator win- 
dow 160 (figures 2 and 14), function to readily indicate to the caregiver the amount 
of fluid remaining within fluid reservoir 58 at any point in time. 
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Referring to figures 1 1 and 12, disabling means, shown here as a disabling 
shaft 164 that is telescopically movable within a passageway 166 formed within 
housing portion 54a functions to irrevocably disable the device and render it inert. 
More particularly, shaft 1 64 has a distal end 1 64a, which, upon insertion of the 
shaft distal end 164a into bore 164c (figure 35), will block fluid flow through pas- 
sageway 118. A friction fit retainer 164b normally holds shaft 164 in the retracted 
position (figures 12 and 14). As shown in figure 8, a receptacle bore 164c is pro- 
vided for receipt of shaft 164. 

Referring now to figures 27 through 37, another embodiment of the dispens- 
ing apparatus of the present invention is there illustrated and generally designated 
by the numeral 172. This alternate form of the apparatus of the invention is similar 
in many respects to that shown in figures 1 through 26 and like numerals are used 
in figures 27 through 37 to identify like components. The primary differences be- 
tween this latest form of the invention and that shown in figures 1 through 26 con- 
cern the provision of a differently configured internal housing and the provision of 
a different reservoir fill means for filling the device reservoir. More particularly, as 
will presently be described in greater detail, this alternate form of fill means com- 
prises two specially designed fill vials or containers. 

As best seen in figure 27, the apparatus here comprises an outer housing 174 
having a first, second and third portions 176, 178 and 180 respectively. Disposed 
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within outer housing 174 is an inner, expandable housing 56 which is identical in 
construction and operation to that described in connection with the embodiment of 
figures 1 through 26. 

Disposed within second portion 178 of outer housing 174 is the novel stored 
energy means of the invention for acting upon inner expandable housing 56 in a 
manner to cause the fluid contained within fluid reservoir 58 thereof to controlla- 
bly flow outwardly of the housing. In this latest form of the invention, this stored 
energy means is also identical in construction and operation to that previously de- 
scribed and comprises a constant force spring 67. 

With regard to the fill means of this latest form of the invention, which is 
carried by the third portion 180 of the outer housing, this important fill means once 
again functions to fill the reservoir 58 with the fluid to be dispensed. This fill 
means here comprises the previously described septum fill and recovery means, 
which is identical to that previously described, and also includes a vial fill means 
which includes two, rather than the one, shell fill vials or fill containers. 

With respect to the septum fill means, as illustrated in figures 30 and 35, 
third portion 180 of the outer housing here includes a fluid passageway 182 which 
is in communication with inlet 60 of fluid reservoir 58. Proximate its lower end 
182a, fluid passageway 182 communicates with a cavity 184 formed within the 
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third portion 180 of the housing. Disposed within cavity 184 is a pierceable septum 
84 that comprises a part of the septum fill means of this latest form of the inven- 
tion. As before, septum 84,which can be a slit septum, is held in position by a re- 
tainer 84a and is pierceable by the cannula of the syringe which contains the me- 
dicinal fluid to be dispensed and which can be used in a conventional manner to fill 
or partially fill reservoir 58 via passageway 1 82. 

As best seen in figure 30, third portion 180 of the housing also includes a 
first chamber 186 for telescopically receiving a first medicament containing fill 
vial 188 and a second chamber 190 for telescopically receiving a second medica- 
ment containing vial 192. Fill vials 188 and 192, which are of identical construc- 
tion, each cooperates with an elongated support 194 that is disposed within fluid 
chambers 196 of the vials. Each of the elongated supports has an integrally 
threaded end portion 1 94a and carries a longitudinally extending, elongated hollow 
needle 198. Each of the hollow needles 198 has a flow passageway that communi- 
cates with fluid passageway 1 82 via the umbrella check valves and stub passage- 
way 204. First chamber 186, second chamber 190, elongated supports 194, and 
hollow needles 198 together comprise the alternate form of the vial fill means of 
the apparatus of the invention. The method of operation of this alternate form of 
fill means will presently be described. 
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Forming another very important aspect of the apparatus of this latest form of 
the invention is a novel flow control means that is connected to first portion 1 76 of 
outer housing 174. This flow control means, which is identical in construction and 
operation to that described in connection with the first embodiment of the inven- 
tion, functions to precisely control the rate outwardly of fluid flow from reservoir 
58 (figure 31) and toward the patient. As before, the flow control means comprises 
a flow control member 126 that is telescopically receivable within casing 130 and a 
selector knob 134 that is interconnected with control member 126 in the manner 
shown in figures 15 and 16. When the flow control member is properly positioned 
within outer casing 130, the inner surface of the outer casing wall cooperates with 
channels 128 provided in the control member to form a plurality of generally spiral 
shaped fluid flow passageways of different overall lengths and flow capacities. Se- 
lector knob 134, which is rotatably mounted within housing portion 176, functions 
to rotate the assembly made up of outer casing 130 and flow control member 126 
(figure 37). In this way, a selected outlet 132 in casing 130 can be selectively 
aligned with an outlet flow passageway 1 1 8 provided in forward housing portion 
176 (figure 30). 

Also forming a part of the fluid dispensing apparatus of this latest form of 
the invention is dispensing means for dispensing fluid to the patient. This dispens- 
ing means is also identical to that previously described and comprises an admini- 
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stration set 1 14 that is connected to the first portion 176 of housing 174 in the 
manner shown in figure 27 of the drawings. The proximal end 1 16a of administra- 
tion line 1 1 6 of the administration set is in communication with fluid passageway 
1 1 8 in the manner best seen in figures 30 and 3 1 . 

Turning particularly to figures 30 and 37, each of the shell vials 188 and 192 
can be seen to be of the same construction as the shell vial illustrated in figure 8A 
and as earlier described herein. After removal of the vial cover 201, which forms a 
part of the third portion of housing 174 (figures 30 and 37), vials 188 and 192 can 
be inserted into chambers 186 and 190 respectively. As the fill vials are so intro- 
duced and the plungers 1 02 thereof are threadably interconnected with ends 1 94a 
of supports 194, the sharp ends of the elongated needles 198 will pierce the central 
walls 102a of the elastomeric plungers. Continuous pushing movement of the vials 
into chambers 186 and 190 will cause the structural supports 194 to move the elas- 
tomeric plungers inwardly of the vial chambers. As the plungers move inwardly of 
the vial, the fluid contained within the vial chambers will be expelled there from 
into the hollow elongated needles 198. As best seen in figure 30, the fluid will then 
flow past umbrella type check valves 1 06 and into passageways 204 formed in 
third portion 180 of the apparatus housing. From passageway 204 the fluid will 
flow into passageway 1 82 and then into reservoir 58 of the bellows component 56 
via inlet channel 60 (figures 30, 3 1 , and 37). It is to be understood that the vials 
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188 and 190 can contain the same or different medicinal fluids and can be intro- 
duced into their respective chambers either one at a time, or simultaneously. 

It is also to be understood that, if desired, the reservoir of the bellows com- 
ponent can be filled by alternate filling means of the character previously de- 
scribed, namely a filling means which comprises a syringe having a needle adapted 
to pierce the pierceable septum 84 which is mounted within third portion 1 80 of 
the apparatus housing. As the reservoir 58 fills with fluid either from the fill vials 
or from the filling syringe, any gases trapped within the reservoir will be vented to 
atmosphere via vent means "V" mounted in portion 176 of the housing. 

Upon opening the fluid delivery path to the administration set in a conven- 
tional manner, the stored energy means, or member 67, will tend to return to its 
starting configuration thereby controllably urging fluid flow outwardly of reservoir 
58 via the flow control means of the invention which functions in the manner pre- 
viously described. Indexing means of the character previously described functions 
to index the position of the selector knob. Similarly disabling means of the charac- 
ter previously described can be used to disable the apparatus of this latest form of 
the invention 

Turning next to figures 38 through 48, still another form of the dispensing 
apparatus of the present invention is there illustrated and generally designated by 



41 



the numeral 212. This alternate form of the apparatus of the invention is also simi- 
lar in many respects to that shown in figures 1 through 26 and like numerals are 
used in figures 38 through 48 to identify like components. The primary difference 
between this latest form of the invention and that shown in figures 1 through 26 is 
that the vial fill means for filling the device reservoir is of a different configuration 
from that used in both the first and second previously described embodiments of 
the invention. More particularly, as will presently be described in greater detail, 
this alternate form of vial fill means comprises a vial cartridge having a hollow 
glass or plastic body portion that defines a fluid chamber that is closed by a pierce- 
able, elastomeric septum. 

As best seen in figure 38, the apparatus here comprises an outer housing 214 
having a first, second and third portions 216, 218 and 220 respectively. Disposed 
within outer housing 214 is an inner, expandable housing 56 which is identical in 
construction and operation to that described in connection with the embodiment of 
figures 1 through 26. 

Disposed within second portion 218 of outer housing 214 is the novel stored 
energy means of the invention for acting upon inner expandable housing 56 in a 
manner to cause the fluid contained within fluid reservoir 58 thereof to controlla- 
bly flow outwardly of the housing. In this latest form of the invention, this stored 
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energy means is also identical in construction and operation to that previously de- 
scribed and comprises a constant force spring 67. 

With regard to the fill means of this latest form of the invention, which is 
carried by the third portion 220 of the outer housing, as before, this important fill 
means functions to fill the reservoir 58 with the fluid to be dispensed. This fill 
means here comprises the previously described septum fill means, which is identi- 
cal to that previously described, and also includes the previously mentioned, car- 
tridge type fill vial which is of the construction best seen in figure 41 A of the 
drawings. 

As to the septum fill means, as illustrated in figure 41, third portion 220 in- 
cludes a fluid passageway 222 which is in communication with inlet 60 of fluid 
reservoir 58. Proximate its lower end 222a, fluid passageway 222 communicates 
with a cavity 214 formed within the third portion 220 of the housing. Disposed 
within cavity 214 is a pierceable septum 84 that comprises a part of the septum fill 
means of this latest form of the invention. As before, elastomeric septum 84 is held 
in position by a retainer 84a and is pierceable by the needle of the syringe which 
contains the medicinal fluid to be dispensed and which can be used in a conven- 
tional manner to fill or partially fill reservoir 58 via passageway 222. 
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Third portion 220 of the housing also includes a first chamber 226 for tele- 
scopically receiving the previously mentioned cartridge fill vial, which is generally 
designated in the drawings by the numeral 227. As shown in figure 41 A, cartridge 
fill vial 227 comprises a hollow glass or plastic body portion 228 that defines a 
fluid chamber 230. Fill vial 227 has an open first end 232 and a second end 234 
that is closed by a pierceable, elastomeric septum 236. An elastomeric plunger 237 
is reciprocally movable within fluid chamber 230. As shown in Fig. 41, a hollow 
needle to 240 is mounted within third portion 220 of the device housing and is lo- 
cated proximate the inboard end of chamber 226. Hollow needle 240 is adapted to 
pierce septum 236 when the fill vial is inserted into chamber 226 and pushed into 
the position shown in figure 41. More particularly, a pusher member 239 which is 
housed within a casing 239a (figure 48) pushes the fill vial inwardly of chamber 
226. 

Forming an important aspect of the apparatus of this latest form of the inven- 
tion is a novel flow control means that is connected to first portion 216 of outer 
housing 214. This flow control means, which is identical in construction and 
operation to that described in connection with the first embodiment of the 
invention, functions to precisely control the rate outwardly of fluid flow from 
reservoir 58 and toward the patient. As before, the flow control means comprises a 
flow control member 126 that is telescopically receivable within casing 130 and a 

selector knob 134 that is interconnected with control member 126 in the manner 
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134 that is interconnected with control member 126 in the manner shown in figures 
15 and 16. When the flow control member is properly sealably positioned within 
outer casing 130 5 the inner surface of the outer casing wall cooperates with chan- 
nels 128 provided in the control member to form a plurality of generally spiral 
shaped fluid flow passageways of different overall lengths, width, depths and flow 
capacities. Selector knob 134, which is rotatably mounted within housing portion 
216, functions to rotate the assembly made up of outer casing 130 and flow control 
member 126. In this way, a selected outlet 132 in casing 130 can be selectively 
aligned with an outlet flow passageway 1 1 8 provided in forward housing portion 
216 (figure 41). 

Also forming a part of the fluid dispensing apparatus of the latest form of the 
invention is dispensing means for dispensing fluid to the patient. This dispensing 
means is also identical to that previously described and comprises an administra- 
tion set that is connected to the first portion 216 of housing 214 in the manner 
shown in figure 38 of the drawings. The proximal end 1 16a of administration line 
1 1 6 of the administration set is in communication with fluid passageway 1 1 8 in the 
manner best seen in figure 41 . 

It is also to be understood that, if desired, the reservoir of the bellows com- 
ponent can also be filled by alternate filling means of the character previously de- 
scribed which comprises a syringe having a needle adapted to pierce the pierceable 
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septum 84 which is mounted within third portion 220 of the apparatus housing. As 
the reservoir 58 fills with fluid from the fill vials or from the filling syringe, any 
gases trapped within the reservoir will be vented to atmosphere via vent means "V" 
mounted in portion 216 of the housing. 

Upon opening the fluid delivery path to the administration set, the stored en- 
ergy means, or member 67, will tend to return to its starting configuration thereby 
controllably urging fluid flow outwardly of reservoir 58 via the flow control means 
of the invention which functions in the manner previously described. Indexing 
means of the character previously described functions to index the position of the 
selector knob. Similarly, as in the earlier described embodiments, disabling means 
of the character previously described can be used to disable the apparatus of this 
latest form of the invention. 

Turning next to figures 49 through 63, still another form of the dispensing 
apparatus of the present invention is there illustrated and generally designated by 
the numeral 242. This alternate form of the apparatus of the invention is also simi- 
lar in many respects to that shown in figures 1 through 26 and like numerals are 
used in figures 49 through 63 to identify like components. The primary difference 
between this latest form of the invention and that shown in figures 1 through 26 is 
that the vial fill means for filling the device reservoir is of a different configuration 
from that used in each of the previously described embodiments of the invention. 
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More particularly, as will presently be described in greater detail, this alternate 
form of vial fill means comprises a first vial cartridge that is of identical construc- 
tion and operation to that described in connection with the embodiment of the in- 
vention shown in figures 38 through 48. However, the vial fill means also here in- 
cludes a second vial cartridge that is of a uniquely different construction from the 
previously described medicament containing vials. More particularly, this second 
vial cartridge is specially designed to enable the intermixing of an internally con- 
tained lypholized drug with a suitable diluent or mixing agent prior to the delivery 
of the mixture of the fluid reservoir of the device. 

As best seen in figure 49, the apparatus here comprises an outer housing 242 
having a first, second and third portions 244, 246 and 248 respectively. Disposed 
within outer housing 242 is an inner, expandable housing 56 which is identical in 
construction and operation to that described in connection with the embodiment of 
figures 1 through 26. 

Disposed within second portion 246 of outer housing 242 is the novel stored 
energy means of the invention for acting upon inner expandable housing 56 in a 
manner to cause the fluid contained within fluid reservoir 58 thereof to controlla- 
bly flow outwardly of the housing. In this latest form of the invention, this stored 
energy means is also identical in construction and operation to that previously de- 
scribed and comprises a constant force spring 67. 
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With regard to the fill means of this latest form of the invention, which is 
carried by the third portion 248 of the outer housing, as before, this important fill 
means functions to fill the reservoir 58 with the fluid to be dispensed. This fill 
means here comprises the previously described septum fill means, which is identi- 
cal to that previously described, and also includes the previously mentioned, first 
and second cartridge type vial fill vials generally designated in figure 52 by the 
numerals 252 and 254 respectively. As to the septum fill means, as illustrated in 
figure 52, third portion 248 includes a fluid passageway 256 which is in communi- 
cation with inlet 60 of fluid reservoir 58. Proximate its lower end 256a, fluid pas- 
sageway 256 communicates with a cavity 258 formed within the third portion 248 
of the housing. Disposed within cavity 258 is an elastomeric pierceable septum 84 
that comprises a part of the septum fill means of this latest form of the invention. 
As before, septum 84 is held in position by a retainer 84a and is pierceable by the 
needle of the syringe which contains the medicinal fluid to be dispensed and which 
can be used in a conventional manner to fill or partially fill reservoir 58 via pas- 
sageway 256. 

Third portion 248 of the housing also includes a first chamber 260 for tele- 
scopically receiving the previously mentioned, first cartridge fill vial 252, which is 
identical in construction and operation to the previously described cartridge fill vial 
228, the construction of which is shown in figure 41 A. As illustrated in figure 52, a 
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hollow needle 240 is mounted within third portion 248 of the device housing and is 
located proximate the inboard end of chamber 260. Hollow needle 240 is adapted 
to pierce septum 236 when the first cartridge fill vial is inserted into chamber 260 
and pushed forwardly into the position shown in figure 52. 

With respect to second reconstitution cartridge fill vial 254, this fill vial, 
which is more clearly illustrated in figures 53 and 54 of the drawings, comprises a 
container of special design that uniquely contains a lyophilized drug 262 that is 
separated from a reconstituting fluid 264 by a barrier stopper 266 (figure 53). Ly- 
ophilized drug 262 can, by way of example, comprise anti-infectives, cardiac drugs 
or various other types of beneficial agents. 

As illustrated in figure 52, portion 248 of the device housing includes a pair 
of spaced apart pusher members 268 and 270 which engage plungers 237 and 271 
respectively to push them forwardly of their respective container reservoirs. 

Considering in more detail the novel bypass cartridge assembly 254, as best 
seen in figure 53, this cartridge assembly includes a vial 272 that is sealed at one 
end by elastomeric plunger 271 and at the other end by a pierceable septum 274 
(figures 52 and 53). Formed intermediate the ends of vial 254 is a raised outer wall 
portion 272a which after installation of the cartridge permits fluid 264 to bypass a 
barrier stopper 266 as the barrier stopper is urged inwardly of the container by 
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pressure exerted thereon by the fluid 264, which is being pushed by 
plunger/stopper 271 resulting from force exerted on pusher element member 276. 
Fluid 264 exerts pressure on barrier member 266 as a result of the inward move- 
ment of plunger 270 by the pusher member as the vial is fully mated with the appa- 
ratus housing. 

A continued inward pressure exerted on plunger 27 1 will cause fluid 264 to 
flow past barrier member 266 via the internal passageway defined wall portion 
272a so as to reconstitute the lyophilized drug 262. A continued pressure exerted 
on plunger 27 1 by the pusher member will cause the reconstituted drug formed by 
the fluid 264 which has been intermixed with drug 262 to flow through a hollow 
cannula 240 past check valve 106, into a stub passageway 277 and then into a pas- 
sageway 256 and finally into the device reservoir 58. 

As previously mentioned, plunger 237, which is disposed within vial 252, is 
moved by a support 268 of a vial cover 280 (figure 52) as the vial cover is mated 
with the apparatus housing and locked in position. As plunger 237 is moved in- 
wardly of vial reservoir 252, the fluid contained in the reservoir will be forced 
through the upper hollow needle 240, passed the upper umbrella check valve 106 
mounted within third housing portion 248, into a stub passageway 282, into a pas- 
sageway 256 and finally into the device reservoir. As the fluid flows into the de- 
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vice reservoir, it will compress the stored energy means, or constant force spring 
67 in the manner previously described. 

Turning to figures 55 and 56, an alternate form of drug intermixing vial is 
there shown. This fill cartridge is similar in some respects to fill cartridge 254 and 
includes a vial 285 that is sealed at one end by a plunger 286 and at the other end 
by a pierceable septum 274. Formed intermediate the ends of vial 285 is a plural- 
ity of internal fluid flow passageways 292 which permit fluid 264 to bypass mem- 
ber or elastomeric barrier stopper 290 as the barrier stopper is urged inwardly of 
the container by pressure exerted thereon by fluid 264. Fluid 264 exerts pressure 
on barrier member 290 as a result of pusher member 270 of the housing exerting 
inward pressure on plunger 286, which pressure is, in turn, caused by the inward 
movement of plunger 286 as vial housing 285 is mated with the device housing 
portion 248. 

A continued inward pressure exerted on plunger 286 will cause fluid 264 to 
flow past barrier member 290 via flow passageways 292 so as to reconstitute ly- 
ophilized drug 262 (figure 55). Further pressure exerted on plunger 286 will cause 
the reconstituted drug formed by the fluid 264 which has been intermixed with 
drug 262 to flow through hollow cannula 240, past lower check valve 106, into a 
stub passageway 277, into a passageway 256 and finally into the device reservoir 
58 (figure 52). 
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Forming an important aspect of the apparatus of this latest form of the inven- 
tion is a novel flow control means that is connected to first portion 244 of the outer 
housing. This flow control means, which is identical in construction and operation 
to that described in connection with the first embodiment of the invention, once 
again functions to precisely control the rate outwardly of fluid flow from reservoir 
58 and toward the patient. As before, the flow control means comprises a flow con- 
trol member 126 that is telescopically receivable within casing 130 and a selector 
knob 134 that is interconnected with control member 126 in the manner shown in 
figures 15 and 16. When the flow control member is properly positioned within 
outer casing 130, the inner surface of the outer casing wall cooperates with chan- 
nels 128 provided in the control member to form a plurality of generally spiral 
shaped fluid flow passageways of different overall lengths and flow capacities. Se- 
lector knob 134, which is rotatably mounted within housing portion 244, functions 
to rotate the assembly made up of outer casing 130 and flow control member 126. 
In this way, a selected outlet 132 in casing 130 can be selectively aligned with an 
outlet flow passageway 118 provided in forward housing portion 244 (figure 52). 

Also forming a part of the fluid dispensing apparatus of this latest form of 
the invention is dispensing means for dispensing fluid to the patient. This dispens- 
ing means is also identical to that previously described and comprises an admini- 
stration set 1 14 that is connected to the first portion 244 of housing 242 in the 
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manner shown in figure 49 of the drawings. The proximal end 1 16a of administra- 
tion line 1 1 6 of the administration set is in communication with fluid passageway 
1 18 in the manner best seen in figure 52. 

It is also to be understood that, if desired, the reservoir of the bellows com- 
ponent can also be filled by alternate filling means of the character previously de- 
scribed which comprises a syringe having a needle adapted to pierce the pierceable 
septum 84 which is mounted within third portion 248 of the apparatus housing. As 
the reservoir 58 fills with fluid either from the fill vials or from the filling syringe, 
any gases trapped within the reservoir will be vented to atmosphere via vent means 
"V" mounted in portion 244 of the housing. 

Referring now to figures 64 through 95, yet another embodiment of the dis- 
pensing apparatus of the present invention is there illustrated and generally desig- 
nated by the numeral 302. This alternate form of the apparatus of the invention is 
similar in some respects to that shown in figures 1 through 26 and like numerals 
are used in figures 64 through 84 to identify like components. The primary differ- 
ence between this latest form of the invention and those previously discussed con- 
cerns the provision of a differently configured device housing and a differently 
configured flow rate control means. 

As best seen in figure 64, the apparatus here comprises an outer housing 304 
having first and second portions 306 and 308 respectively. Disposed within outer 
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housing 304 is an inner, expandable housing 310, which is generally similar in 
construction and operation to expandable housing 56, which housing was described 
in connection with the embodiment of figures 1 through 26. 

Also disposed within second portion 308 of outer housing 304 is the novel 
stored energy means of the invention for acting upon inner expandable housing 
3 10 in a manner to cause the fluid contained within fluid reservoir 312 thereof to 
controllably flow outwardly of the housing. In this latest form of the invention, this 
stored energy means is identical in construction and operation to that previously 
described and here comprises a constant force spring 67 of the character previously 
described herein. 

As in the earlier described embodiments of the invention, the present inven- 
tion includes fill means, which are here carried by the first portion 306 of the outer 
housing. As before, the fill means functions to fill the reservoir 312 with the fluid 
to be dispensed. As best seen in figure 67, first housing portion 306 includes a fluid 
passageway 313 that is in communication with the inlet 3 12a of fluid reservoir 
312. Proximate its lower end 3 13a, fluid passageway 313 communicates with a 
cavity 315 formed within the first portion of the housing. Disposed within cavity 
3 1 5 is a pierceable elastomeric septum 3 1 7 that comprises a part of the fill means 
of this latest form of the invention. Septum 3 17 is held in position by a retainer 
3 17a and is pierceable by the needle of the syringe which contains the medicinal 
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fluid to be dispensed and which can be used in a conventional manner to fill or par- 
tially fill reservoir 3 12 via passageway 313. As the reservoir fills, and gases 
trapped within the reservoir will be vented via vents "V". 

Turning particularly to figures 76 through 83 , the novel flow control means 
of the apparatus of this latest form of the invention is there shown. This important 
flow control means functions to precisely control the rate outwardly of fluid flow 
from reservoir 312 and toward the patient. In this latest form of the invention, the 
flow control means comprises a flow rate control assembly generally designated in 
the drawings by the numeral 314. This flow rate control assembly is non-rotatably 
mounted within housing portion 306 and includes an elongated spline 315 that 
functions to align the assembly within the outer housing, As best seen in figures 
76 and 77, this novel flow rate control assembly here comprises an inlet manifold 
316 having an inlet port 318 (figure 76) that is in communication with the outlet 
3 12a of the fluid reservoir 3 12 (figure 69) and an outlet manifold 320 that is inter- 
connected with inlet manifold 3 16 by means of a plurality of interconnected flow 
rate control plates 322, 324, 326, 328, 330, 332,334, 336, 338 and 340 (see also 
figure 80). The rate control plates can be interconnected by various well-known 
techniques including adhesive, sonic, thermal, laser and chemical bonding without 
disturbing the integrity of the flow channels. As indicated in figures 83 and 84, 
outlet manifold 320 has a plurality of circumferentially spaced outlet ports, each of 
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which is in communication with an outlet port of a selected one of the rate control 
plates. In a manner presently to be described, by using the selector means of the 
apparatus these circumferentially spaced outlet ports can be selectively brought 
into communication with outlet passageway 380 of the apparatus and with the ad- 
ministration line 341 of the administration set 343. 

As best seen by referring to figure 80, each of the flow rate control plates is 
provided with an elongated micro channel of a particular configuration. These mi- 
cro-flow channels can be formed in various ways known to those skilled in the art. 
For example, U. S. Patent No. 6,176,962 issued to Soane et al. describes methods 
for constructing micro channel structures for use in micro fluidic manipulations. 
Similarly, International Publication WO 99/5 694 A 1 describes such methods. When 
the rate control plates are assembled in the manner shown in figures 80 and 83, it is 
apparent that the micro channel formed in each of the rate control plates will coop- 
erate with the adjacent planar surface of the next adjacent rate control plate to form 
a fluid flow control channel through which the fluid flowing into inlet 318 can con- 
trollably flow. As indicated in the drawings, one end of each of the micro channels 
is in communication with the inlet port 3 1 8 of the inlet manifold 3 1 6 via a center 
port 3 1 9 and the other end of each of the micro channel is in communication with a 
selected one of the circumferentially spaced outlet ports provided in the outlet 
manifold 320. More particularly, as can be seen by referring to figures 80, 81 and 
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84 of the drawings, outlet 322a of rate control plate 322 is in communication with 
outlet 341 of outlet manifold 320; outlet 324a of rate control plate 324 is in com- 
munication with outlet 342 of outlet manifold 320; outlet 326a of control plate 326 
is in communication with outlet 343 of manifold 320; outlet 328a of control plate 
328 is in communication with outlet 344 of outlet manifold 320 and outlet 330a of 
rate control 330 is in communication with outlet 345 of outlet manifold 320, and. 
outlet 332a of rate control plate 332 is in communication with outlet 346 of outlet 
manifold 320. In similar fashion, outlet 334a of rate control plate 334 is in com- 
munication with outlet 347 of outlet manifold 320; outlet 336a of rate control plate 
336 is in communication with outlet 348 of manifold 320 and outlet 338a of con- 
trol plate 338 is in communication with outlet 349 of outlet manifold 320 and out- 
let 340a of rate control plate 340 is in communication with outlet 350 of outlet 
manifold 320. 

With the construction of the flow control means shown in the drawings, fluid 
will flow from reservoir 312 into inlet port 3 1 8 of inlet manifold 316, through a fil- 
ter member 353 (figures 82A and 83) and thence into micro channel 354 formed in 
plate 322. By controlling the length, width and depth of the micro channel 354, the 
rate of fluid flow flowing outwardly of outlet 322a can be precisely controlled. In 
a manner presently to be described, the fluid will then flow onwardly toward the 
administration set via the flow regulation means of the invention. It is to be under- 
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stood that micro channel 354 can take various forms and can be of varying length, 
width and depth to precisely control the rate of fluid flow their through. 

Fluid flowing through inlet port 318 will also flow into micro channel 356 
formed in rate control plate 324. Once again, depending upon the length, width 
and depth of micro channel 356, the rate of fluid flowing outwardly of outlet 324a 
can be precisely controlled. In similar manner, fluid flowing through inlet port 318 
will fill micro channel 358 formed in rate control plate 326, will fill micro channel 
360 formed in plate 328, will fill micro channel 362 formed in rate control plate 
330, will fill rate control micro channel 364 formed in rate control plate 332, will 
fill rate control micro channel 366 formed in rate control plate 334, will fill rate 
control micro channel 368 formed in rate control plate 336, will fill flow control 
micro channel 370 formed in rate control plate 338 and will fill rate control micro 
channel 372 formed in rate control plate 340. After flowing through the rate con- 
trol micro channels formed in the various indexedly aligned rate control plates, the 
fluid will flow onwardly toward outlet manifold 320 and will fill each of the stub 
passageways 375 formed therein (figure 84 and 85). The rate of flow of fluid 
flowing outwardly of each of the outlet ports of the various rate control plates will, 
of course depend upon the configuration of the individual rate control micro chan- 
nels formed in the rate control plates. 
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As shown in figure 74, selector knob 378 is provided with a plurality of 
circumferentially spaced apart indexing cavities 379 that closely receive an index- 
ing finger 389, which forms a part of the indexing means of the invention, which 
means comprises a front bezel 384 that is connected to the apparatus housing (see 
figures 64 and 75). Indexing finger 389 is continuously urged into engagement 
with a selected one of the indexing cavities 379 by a coil spring 391 that also forms 
a part of the indexing means of the invention. Coil spring 391 can be compressed 
by an inward force exerted on an indexing shaft 393 that is movable from an ex- 
tended position to an inward, finger release position wherein spring 391 is com- 
pressed and finger 389 is retracted from a selected indexing cavity 379. With fin- 
ger 389 in its retracted position, it is apparent that control knob 378 can be freely 
rotated to a position wherein a gripping member 394 can be aligned with selected 
flow rate indicia 395 formed on the front bezel 384 of the apparatus housing. 

When the selector knob is in the desired position and pressure is released on 
indexing shaft 393, spring 391 (figure 67) will urge finger 389 of the indexing 
means of the invention into locking engagement with one of the indexing cavities 
379 (figure 74) thereby placing a selected one of flow control channels of a flow 
rate control plate in communication with flow passageway 378a (figures 67 and 
76) of the flow control knob. As the fluid flows outwardly of the apparatus due to 
the urging of the stored energy means or spring member 67, the bellows structure 
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310 will be collapsed and at the same time member 69 will travel inwardly of the 
housing. Member 69, which forms a part of the volume indicator means of the in- 
vention, includes a radially outwardly extending indicating finger 1 10 that is visi- 
ble through a volume indicator window 1 60 that is provided in a second portion 
308 of the apparatus housing and also comprises a part of the volume indicator 
means of the invention. Indicia 161, which are provided on indicator window 1 60 
(figure 64), function to readily indicate to the caregiver the amount of fluid remain- 
ing within fluid reservoir 3 12 at any point in time. 

Referring to figures 64 and 73, disabling means, shown here as a disabling 
shaft 1 64 that is telescopically movable within a passageway formed within hous- 
ing portion, functions in the manner previously described to disable the device. 

Referring particularly to figures 67, 76 and 77, a selector knob 378, which 
comprises a part of the selector means of the invention, is sealably connected to 
outlet manifold 320 by means of O-Rings "O" and is rotatable with respect thereto. 
As previously mentioned, this novel selector means of the invention functions to 
control the flow of fluid from outlet manifold 320 toward the administration set 
343. More particularly, as illustrated in figures 93, 93 A and 93B, selector knob 
378 is provided with a circumferentially extending flow channel 378a which is se- 
lectively in communication with stub passageways 375 of outlet manifold 320 de- 
pending upon the position of the selector knob. As illustrated in figures 93 A and 
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93B, the rearwardly extending, generally cylindrical, reduced diameter portion 
378c of the control knob, which circumscribes the outlet manifold 320, is provided 
with a circumferentially extending, elastomeric band 382 which prevents fluid 
leakage between then the outlet manifold and the flange 378c. Outlet manifold 320 
is also provided with a similarly configured, circumferentially extending, elas- 
tomeric band 384. As indicated in figure 93 A, elastomeric band 384 has an open- 
ing 384a that is in alignment with fluid outlet passageway 380 formed in the first 
portion 306 of the outer housing (see also figure 67). Elastomeric band 382 also 
has an opening 382a which is aligned with a radially extending flow passageway 
378b formed on portion 378c of the control knob, which, in turn, is in communica- 
tion with circumferentially extending flow channel 378a (figure 93A). With this 
construction, when the control knob 378 is rotated to a position such as that illus- 
trated in figure 93 A, wherein one of the outlets of the outlet manifold 322 is in 
alignment with the opening 382a formed in the elastomeric band 382, fluid can 
flow from that outlet and into circumferentially extending flow channel 378a. 
From flow channel 378a, the fluid can flow into radially extending passageway 
378b, through opening 384a and into passageway 380. From passageway 380, the 
fluid can flow onwardly into the dispensing means or administration set 343. The 
rate at which the fluid flows toward the administration set depends, of course, upon 
which rate control plate outlet is in communication with radial passageway 378b 
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formed in tbe control knob. By way of example, with the control knob 378 in the 
position shown in figure 93A, it is to be observed that the fluid flowing toward the 
administration set is flowing from outlet 322a of rate control plate 322 and will 
flow at a rate determined by the configuration of rate control micro channel 354 
(see figures 80 and 88). 

Referring now to figures 96 through 106, still another embodiment of the 
dispensing apparatus of the present invention is there illustrated and generally des- 
ignated by the numeral 392. This alternate form of the apparatus of the invention 
is similar in some respects to that shown in figures 64 through 95 and like numer- 
als are used in figures 96 through 106 to identify like components. The primary 
difference between this latest form of the invention and that discussed in the em- 
bodiment of figures 64 through 95 concerns the provisions of a differently config- 
ured flow rate control means. More particularly, the flow rate control means of 
this latest form of the invention comprises a single fixed, non-variable flow rate 
control rather than a variable flow rate control as described in the immediately pre- 
ceding paragraphs. 

As best seen in figure 96, this latest form of the apparatus of the invention 
comprises an outer housing 394 having first and second portion 396 and 398 re- 
spectively. Disposed within outer housing 394 is an inner, expandable housing 
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310, which is identical in construction and operation to the expandable housing, 
which was described in connection with the embodiment of figures 64 through 95. 

Disposed within second portion 398 of outer housing 394 is the novel stored 
energy means of the invention for acting upon inner expandable housing 3 10 in a 
manner to cause the fluid contained within fluid reservoir 312 thereof to controlla- 
bly flow outwardly of the housing (figure 101). In this latest form of the invention, 
this stored energy means is identical in construction and operation to that previ- 
ously described and here comprises a constant force spring 67. 

As in the earlier described embodiment of the invention, the present inven- 
tion includes fill means which are carried by the first portion 396 of the outer hous- 
ing. As before, the fill means functions to fill the reservoir 312 with the fluid to be 
dispensed. As best seen in figure 99, first portion 396 includes a fluid passageway 
400 in communication with the inlet 3 12a of fluid reservoir 312. Proximate its 
lower end 400a, fluid passageway 400 communicates with a cavity 402 formed 
within the first portion of the housing. Disposed within cavity 402 is a pierceable 
septum 3 1 7 that comprises a part of the fill means of this latest form of the inven- 
tion. Septum 3 17 is held in position by a retainer 3 17a and is pierceable by the 
needle of the syringe which contains the medicinal fluid to be dispensed and which 
can be used in a conventional manner to fill or partially fill reservoir 312 via pas- 
sageway 400. As the fluid to be dispensed flows toward the fluid reservoir, any 
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gases trapped within the reservoir will be vented to atmosphere through the vents 
"V". 

■ 

Turning particularly to figures 99 through 101, the alternate form of the flow 
control means of the apparatus of this latest form of the invention is there shown. 
As before, this alternate flow control means functions to precisely control the rate 
outwardly to fluid flow from reservoir 312 and toward the patient. In this latest 
form of the invention, the flow control means comprises a flow rate control assem- 
bly generally designated in the drawings by the numeral 404. This novel flow rate 
control assembly here comprises an inlet manifold 406 having an inlet port 408 
that is in communication with the outlet 3 12a of the fluid reservoir 312 and a fix- 
edly mounted, outlet manifold 410 that is interconnected with inlet manifold 406 
by means of a pair of interconnected plates 412 and 414. Plate 412 is identical in 
construction and operation to the previously describe flow rate control plate 322 
and is provided with a micro channel 354 (see also figures 80 and 81). Plate 414, 
on the other hand, is a generally cylindrically shaped plate having planar front and 
rear surfaces. With this construction, the rear surface of plate 414 cooperates with 
the micro channel 354 of plate 412 to provide a closed flow control channel which 
controls the rate of fluid flow from the reservoir toward the administration set of 
the apparatus of the invention. As indicated in the drawings, outlet manifold 410 
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has an outlet passageway 416 that is in communication with the outlet port of rate 
control plate 412. 

With the construction of the flow control means shown in the drawings, fluid 
will flow from reservoir 312 into inlet port 408 of the inlet manifold and then into 
micro channel 354 formed in plate 412. By controlling the length, width and depth 
of the micro channel 354, the rate of fluid flow flowing into outlet passageway 416 
can be precisely controlled. As previously mentioned, the fluid will flow from pas- 
sageway 416 onwardly toward the administration set via the device outlet pas- 
sageway 418 (figure 99). 

As in the earlier described embodiments, that apparatus includes volume in- 
dicator means and disabling means of the character previously described which can 
be used to determine the volume of fluid remaining in the device reservoir and, 
when desired to disable the apparatus. 

Referring now to figures 107 through 1 18, yet another embodiment of the 
dispensing apparatus of the present invention is there illustrated and generally des- 
ignated by the numeral 422. This alternate form of the apparatus of the invention 
is similar in some respects to that shown in figures 49 through 63 and like numer- 
als are used in figures 107 through 1 18 to identify like components. The primary 
difference between this latest form of the invention and those previously discussed 
herein concerns the provision of a fill means, such as that shown in the embodi- 
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ment of the invention illustrated in figures 49 through 63 and the provision of a 
flow rate control means such as that shown in the embodiment of the invention il- 
lustrated in figures 64 through 95. 

As best seen in figure 107, the apparatus here comprises an outer housing 
424 having first, second and third portions 426, 428 and 429 respectively. Dis- 
posed within outer housing 424 is an inner, expandable housing 430, which is gen- 
erally similar in construction and operation to expandable housing 310, which 
housing was described in connection with the embodiment of figures 64 through 
95. 

Also disposed within outer housing 424 is the novel stored energy means of 
the invention for acting upon inner expandable housing 430 in a manner to cause 
the fluid contained within the fluid reservoir thereof to controllably flow outwardly 
of the housing. In this latest form of the invention, this stored energy means is 
identical in construction and operation to that previously described and here com- 
prises a constant force spring 67 of the character previously described. 

As in the earlier described embodiments of the invention, the present inven- 
tion includes fill means, which are here carried by the third portion 426 of the outer 
housing. As before, the fill means functions to fill the reservoir defined by bellows 
member 430 with the fluid to be dispensed. As best seen in figure 108, third hous- 
ing portion 429 includes a fluid passageway 433 that is in communication with the 
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inlet or passageway 435 of the fluid reservoir. Proximate its lower end 433a, fluid 
passageway 433 communicates with a cavity 436 formed within the third portion 
of the housing. Disposed within cavity 436 is a pierceable septum 317 that com- 
prises a part of the fill means of this latest form of the invention. Septum 317, 
which is identical in construction and operation to that previously described, is 
held in position by a retainer 3 17a and is pierceable by the needle of the syringe 
which contains the medicinal fluid to be dispensed and which can be used in a 
conventional manner to fill or partially fill the device reservoir via passageway 
433. As the reservoir fills, any gases trapped within the reservoir will be vented 
via vent "V". 

Turning particularly to figure 108, the novel flow control means of the appa- 
ratus of this latest form of the invention is there shown and includes a flow rate 
control assembly generally designated by the numeral 314. This important flow 
control means, which is identical in construction and operation to that discussed in 
connection with the embodiment of the invention shown in figures 64 through 95, 
functions to precisely control the rate outwardly of fluid flow from the device res- 
ervoir and toward the patient. As before, flow rate control assembly 314 is non- 
rotatably mounted within the outer housing and is of a construction illustrated in 
figures 76 through 95. Reference should be made to these figure drawings and to 
the earlier discussion thereof to more completely understand the construction and 
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operation of this unique flow rate control assembly of this latest form of the inven- 
tion. 

As shown in figure 108, a selector knob 378, which is of an identical con- 
struction to that previously described, is used to controllably rotate the flow rate 
control assembly. Selector knob 378 as operably associated with the indexing 
means of the invention, which means is also identical in construction and operation 
to that previously described. 

As the fluid flows outwardly of the apparatus due to the urging of the stored 
energy means or spring member 67, the bellows structure 430 will be collapsed 
and at the same time member 69 will travel inwardly of the housing. Member 69, 
which forms a part of the volume indicator means of the invention, includes a ra- 
dially outwardly extending indicating finger 110 that is visible through a volume 
indicator window 160 that is provided in a second portion 428 of the apparatus 
housing and also comprises a part of the volume indicator means of the invention. 
Indicia 161, which are provided on indicator window 160 (figure 107), function to 
readily indicate to the caregiver the amount of fluid remaining within fluid reser- 
voir of the device at any point in time. 

Referring to figure 107, disabling means, shown here as a disabling shaft 
1 64 that is telescopically movable within a passageway formed within the housing 
portion, functions in the manner previously described to disable the device. 
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With regard to the fill means of this latest form of the invention, which is 
carried by the third portion 429 of the outer housing, as before, this important fill 
means functions to fill the device reservoir with the fluid to be dispensed. This fill 
means here comprises the previously described septum fill means and also includes 
the previously mentioned fill vials generally designated in figure 108 by the nu- 
merals 252 and 254 respectively. 

Turning to figures 108 and 1 13 through 118, the fill vials of the fill means 
of the dispensing apparatus of this latest form of the invention are there illustrated. 
These fill vials, which are of identical construction and operation to those shown in 
figure 52 and earlier described herein, comprise cartridge fill vial 252 and a lyophi- 
lized drug fill vial 254. As shown in figure 108, the third portion 429 of the hous- 
ing also includes a first chamber 440 for telescopically receiving cartridge fill vial 
252. As illustrated in figure 108, a hollow needle 442 is mounted within third por- 
tion 429 of the device housing and is located proximate the inboard end of cham- 
ber 440. Hollow needle 442 is adapted to pierce septum 236 when the cartridge fill 
vial 252 is inserted into chamber 440 and pushed forwardly into the position shown 
in figure 108. 

With respect to second cartridge fill vial 254, this fill vial, which is more 
clearly illustrated in figures 1 1 5 and 1 1 6 of the drawings comprises a container of 
special design that uniquely contains a lyophilized drug 262 that is separated from 
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a reconstituting fluid 264 by a barrier stopper 266 (figure 1 15). Lyophilized drug 
262 can, by way of example, comprise anti-infectives or various other types of 
beneficial agents. Cartridge fill vial 254 is identical in construction and operation 
to that shown in figures 53 and 54 and previously described herein. As shown in 
figure 108, the third portion 429 of the housing also includes a second chamber 
448 for telescopically receiving cartridge fill vial 254. As illustrated in figure 108, 
a hollow needle 450 is mounted within third portion 429 of the device housing and 
is located proximate the inboard end of chamber 448. Hollow needle 450 is 
adapted to pierce septum 274 when the cartridge fill vial 254 is inserted into cham- 
ber 448 and pushed forwardly into the position shown in figure 108. 

As illustrated in figure 108, the vial cover 443 of portion 429 of the device 
housing includes a pair of spaced apart pusher members 445 and 447 which engage 
plungers 237 and 270 respectively to push them forwardly of their respective con- 
tainer reservoirs (see also figures 111 and 112). 

As the vial cover 443 is mated with the apparatus housing, the fluid con- 
tained in the vial reservoirs will be forced through the upper and lower hollow 
needles 442 and 450, passed the upper umbrella check valves 453 mounted within 
third housing portion 429, into a stub passageways 455, into passageways 433 and 
435 and finally into the device reservoir. As the fluid flows into the device reser- 
voir, it will compress the stored energy means, or constant force spring 67 in the 
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manner previously described. 

Turning to figures 117 and 1 18, an alternate form of drug intermixing vial is 
there shown. This fill cartridge is identical in construction and operation to that 
previously described herein and illustrated in figures 55 and 56. This alternate 
form of drug intermixing vial can be used in place of vial 254 during the reservoir 
filling step. 

Having now described the invention in detail in accordance with the re- 
quirements of the patent statutes, those skilled in this art will have no difficulty in 
making changes and modifications in the individual parts or their relative assembly 
in order to meet specific requirements or conditions. Such changes and modifica- 
tions may be made without departing from the scope and spirit of the invention, as 
set forth in the following claims. 
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